Introduction
The World Health Organization has identified the social determinants of health, as "mostly responsible for health inequities -the unfair and avoidable differences in health status seen within and between countries" 1 . Factors shaping where we live, work, and play have become increasingly important considerations in health-and design-related fields.
Many studies have revealed a protective relationship between the percentage of greenspace (GS) where a person lives and their actual [2] [3] [4] and perceived health 5, 6 . Several mechanisms have been postulated to explain the relationship between percentage of neighborhood GS and positive health outcomes including relationships between GS and crime, air quality, and stress. However, studies assessing relationships between GS and both crime and air quality report variability due to qualitative factors that could not be assessed using an areabased metric. For example, while greenspace that does not obstruct visibility has been linked to lower crime rates 7, 8 as has greening vacant lots 9 , vegetation that obstructs visibility may invite criminal activity 8 . Similarly, while air quality is a factor affecting health outcomes, and trees can reduce air pollutants 10 , the siting of trees relative to the pollution source and other factors may interact to determine the degree of benefit if any [11] [12] [13] .
One possible factor that may explain the GS health relationship observed at the neighborhood level is stress. Stress is a known factor in both the etiology of disease and disease prognosis. Stress can affect health through increasing propensity for behavioral risk factors for disease 14 or through physiologic adaptations caused by the release of stress hormones 15 .
Prolonged activation of the stress response increases the risk for permanent effects, contributing to the development of chronic diseases and weakening the body's ability to cope with existing disease [15] [16] [17] . Increased levels of stress have been reliably linked to incidence of depression, incidence and mortality from cardiovascular disease, and progression of HIV/AIDs
Potential stress mediating effects of exposure to GS have been noted in both experimental and observational studies. In an experimental study, students exposed to a video stressor were divided into groups that either subsequently viewed natural scenes (including vegetation or vegetation and water) or urban scenes (without vegetation or water). Stress recovery, measured through a variety of physiologic measures and a state affect questionnaire, was more rapid and complete in the group that viewed natural scenes 18 . Similarly, students exposed to a stressor who sat in a room with a view of trees had a more rapid decline in diastolic blood pressure than those who sat in a windowless room 19 . In addition, various physiologic indicators of stress decreased to a greater extent for students when exposed to forested environments than when exposed to urban environments without vegetation 20 . Residents of neighborhoods with a greater percentage of GS had lower chronic stress assessed using salivary cortisol levels, and lower self-reported stress, as measured using the Perceived Stress Scale 21 . Socioeconomic disparities in all-cause mortality rates and mortality due to circulatory diseases, for which stress is a known factor, were also lower in greener neighborhoods 2 .
However area-based studies cannot capture variability in exposure due to human behavior, and experimental studies cannot assess if GS is inversely related to chronic stress during day to day life. In addition, even in experimental studies, the variability in quality, density, and type of GS and any difference in stress response are generally not addressed.
The purpose of this cross-sectional study is to investigate if GS exposure is statistically significant in predicting stress, a known factor affecting health outcomes, in a non-hospitalized population going about day to day activities without experimental interference in Baltimore, MD.
Methods
There is also precedent for its use in another study dealing with stress and green space 21 . It has been validated as useful for measuring perceived stress over the past month, and is noted as especially useful for predicting health-related behaviors and outcomes 15, 22 .
Individuals were asked to report on areas where they either visually or physically access GS around their home, at work and/or school, and during recreation in three separate matrices during the past month, to be consistent with the time period most accurately assessed by the PSS.
Instructions defined GS as any outdoor place with plants. "Spending time in" was described as physically being within an outdoor space with vegetation. "Just looking at" was described as viewing a vegetated space without being in it, such as through a window. Respondents were asked to consider their habits in a typical week over the past month, to be consistent with the timeframe of the accuracy for the PSS. Total hours per week in each area were summed to compute hours of exposure per week for each individual, overall and separately for visual and physical exposure.
The newly developed GS exposure questions were pilot-tested in a beta version of the survey instrument among passersby in downtown Syracuse. Initially, indoor plant exposure was included. However, individuals had difficulty accounting for being "in" indoor GS, pointing out the difference between one houseplant and an indoor garden environment. In response to this, the GS exposure questions were revised to focus on outdoor environments, and the language describing "being in" versus "looking at" was revised to include "like through a window" for clarification.
Covariates were selected based on both theory and previous research. Information about basic demographic characteristics, behaviors, and stressful life events was collected to control for their potential confounding effects. Demographic characteristics included gender, age, race, income, employment status and educational attainment and marital status, which have been shown to be associated with differences in mean PSS scores 27, 28 , and so were measured.
Participants were also asked to report on exercise habits (hours of vigorous and moderate exercise per day and number of days per week), and hours spent working and/or in school per week, along with any existing medically diagnosed disease.
Stressful life events were measured using the Recent Life Changes Questionnaire (RLCQ). The RLCQ is an updated (1995) version of the Social Readjustment Rating Scale, which was originally developed in 1965 to measure the impact of various stressful life events on stress and disease 29 . The updated version includes 87 possible events that are weighted and summed to compute a Life Change Units (LCU) Score 29 . The RLCQ contains some events of various magnitudes, including some which may contribute to chronic stress more than a month past the event (death of a spouse, pregnancy, etc.). Therefore respondents were asked to consider events occurring within the past three months.
Data Collection
A power calculation was performed using the G*power 3 calculator 30 using the default small, medium, and large effect sizes for the linear regression, fixed model R 2 increase protocol.
Results indicated that for a medium effect size (.15), 230 samples would be needed, and for a large effect size (.35), 109 samples would be needed. There was no precedent for what effect size to expect given these methods, so the goal was to collect as many survey responses as possible.
The survey sample was constructed using a combination of random and snowball techniques. To construct the initial invitee list for the survey, an anonymous list of addresses was obtained from the Baltimore city demographer. Thirty of these addresses were identified from each of the 55 CSA's located within Baltimore, using a random selection process. PSS studies reported by Cohen and Janicki-Deverts (2012). In addition, a linear regression was performed with LCU as a predictor of PSS, controlling for demographic factors known to predict differences in PSS, including race, gender, marital status, and educational attainment, age and hours worked per week. To examine the reliability of subjects' responses to the GS exposure questions, Chi Square analyses were performed to check for agreement between responding "yes" or "no" to "I spend time in greenspace" and reporting any versus no hours of time spent in Greenspace.
Statistical analyses were performed for all models using the statistical software program, SPSS© version 20. Covariates were selected for inclusion in regression analyses if ANOVA analyses showed that they predicted mean differences in GS exposure, PSS (or both), or if other research or theory suggested that they may be important. substituting total hours of strictly visual exposure to GS for total combined hours (Model 3), and total hours of strictly physical exposure was substituted for total combined hours (Model 4).
Additionally, models 2-4 were repeated controlling for recruitment strategy, eliminating outliers that may have overestimated exposure to GS, and isolating respondents that were recruited via random mailing only. indicated that they received the survey from a friend, 6.8% indicated they received the survey link via a flyer, and 3.1% indicated "other" ( Table 1 ). The number of potential respondents reached is unknown since packets were mailed to anonymous addresses rather than individuals, and it was not possible to track who saw the online links. Therefore, a true overall response rate could not be calculated. No statistically significant mean differences in either GS exposure or PSS were detected in ANOVA analyses between respondents recruited through different means ( The sample (See Table 3 ) was skewed in terms of demographics with more individuals reporting white race, higher educational attainment, and higher median income relative to the general population of Baltimore. ANOVA analyses showed no statistically significant differences in GS exposure by these variables, except in the case of race. However, the only statistically significant differences between racial groups in terms of GS exposure was between African American and Asian American/Pacific Islander; the latter a category with a very small numbers.
Results
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Responses were received from all but 5 of the 55 CSA's. CSA's with 0 respondents tended to have a greater percentage of African-American residents and a median income more similar to the city as a whole when compared to the CSA's with at least one response. However, responses were returned from individuals living in CSA's that were demographically similar to the city as a whole. The percentage of canopy among CSA's with respondents varied widely, from much less than, similar to, and higher than the city as a whole (Table 4) .
Validation and Reliability Results
Validation of the reliability of responses was possible due to the inclusion of the PSS and the Recent Life Changes Questionnaire (RLCQ). Pearson's bivariate correlation analysis revealed that the correlation between the two variables was statistically significant (p = .000, r = .366), and a linear regression model showed an increase in stressful life events (LCU score) were statistically significant in predicting an increase in perceived stress (p= .000; R 2 = 0.253).
Responses to this survey showed that the directional differences in PSS for demographic categories of age, gender, income, race, and educational attainment were in fact consistent with the results reported in previous studies 27, 28 .
Chi square analyses (see 
Multivariable Analysis -Model 1
Model 1A (See Table 6 ) included all covariates to evaluate the relationship between hours of GS exposure and PSS. Only LCU score, household income, hours of weekly exercise, and hours spent accessing GS remained statistically significant. All relationships for covariates in PSS (p=.007). Model 1A was used as the base for all subsequent models.
Multivariable Analysis -Models 2-4
Combined hours of visual and physical access to GS, hours spent only visually accessing GS, and total hours spent outdoors in GS were all statistically significant predictors of PSS (Table 7) . Model 2 found that combined hours of visual and physical exposure to GS was statistically significant in predicting reductions in PSS (-.042, p=.002). Model 3 found that total hours of visual exposure to GS was statistically significant in predicting reductions in PSS (-.052, p=.008), and Model 4 found that total hours of physical exposure to GS also predicted reductions in PSS (-.065, p=.017). After backwards regression, many of the same covariates remained statistically significant with similar beta coefficients for each of the three models.
Additional Follow-up Analyses
Models 2-4 were repeated controlling for recruitment strategy and excluding potential over estimators to test for robustness and the impact of potential biases. Potential over estimators were classified as individuals who reported over 112 average weekly hours of GS exposure per week (assuming GS exposure wasn't possible during 8 hours of each day required for sleep).
This resulted in the exclusion of 7 individuals for combined exposure and one individual for visual exposure, and 0 individuals for physical exposure. One hour of combined weekly GS exposure (-.074, p=.001), one hour of weekly visual GS exposure (-.076, p=.001), and one hour of weekly physical GS exposure (-.065, p=.017) all remained statistically significant in predicting reductions in PSS. These additional controls and exclusions resulted in an increase in effect size for hours of combined GS exposure and visual GS exposure, overall and relative to both exercise and income. Recruitment strategy was not a statistically significant in predicting PSS for any of the models and was excluded in backwards regression in all models. Therefore results for physical exposure to GS were not affected by these additional controls and exclusions 10 .1016/j.landurbplan.2017.08.006
As an alternate method of controlling for recruitment, Models 2-4 were performed isolating respondents recruited by mail and excluding potential over-estimators, since the mailing represented a random distribution method and the largest group of respondents by distribution strategy. This resulted in a much smaller sample size of 100 individuals. Only hours of physical GS exposure were statistically significant at less than a 5% level (-.086, p=.033). However total combined hours (-.56, p=.067) and visual hours (-.056, p=.080) continued to predict reductions in PSS similar in direction and magnitude to Models 2-4, and were statistically significant at a less than 10% level.
Discussion
The results of these analyses show that an increase in hours of GS exposure reliably predicts a statistically significant reduction in perceived stress in a non-hospitalized population without experimental interference in Baltimore, MD. The inverse relationship between all investigated types of GS exposure and PSS score was both statistically significant and robust.
An increase in hours of visual and physical exposure to GS was consistently statistically significant in predicting reductions in PSS in a similar magnitude and direction across models.
Stressful life events, income, educational attainment, and hours of vigorous weekly exercise were also consistently statistically significant across models and varied in the direction expected, supporting the validity of the model. In sum, these results show that an increase in hours of physical and/or visual exposure to GS is statistically significant in predicting reductions in perceived stress, controlling for other covariates known to predict stress. This adds to the body of literature supporting that GS exposure is part of a complex set of factors that predict how an individual responds to stress, and that GS exposure is a plausible mechanism behind the observed relationship between GS and health. As such, the results of this study have many implications for planners/designers, researchers, and health practitioners.
For planners and designers, the conclusions of this research are relevant because consideration of interactions between the physical environment and human social and behavioral factors is crucial in order to create environments that support ecological and human health. This research further supports the conclusion that access to areas with GS may be important to human health and wellbeing. Since both visual and physical access to GS were found to be important factors for reducing stress based on our sample, it is important for designers to consider the many ways in which access to GS can be achieved in a way that is safe and appropriate for site users.
Efforts to increase availability and accessibility of GS in an urban environment can have multiple benefits, and readily align with already existing municipal goals such as mitigating stormwater, creating complete transportation and recreation networks, mitigating brownfields, and creating health supporting environments for residents of very urbanized areas. Opportunities to improve access to GS through both programming and site design should be considered. For health practitioners, this research offers evidence to suggest that including GS through programming and environmental design may be an important factor that could support existing health efforts. Increasing access to GS can occur through either the design of new facilities, or by incorporating appropriate visual or physical access to GS as appropriate based on the particular needs of the general or patient population. Increased exposure to GS can be incorporated into existing programs, facility design, and through patient education. Furthermore, GS exposure as a variable may be an important factor to assess during development of facility and program evaluation protocols.
Perhaps the greatest implication is for multidisciplinary collaboration in urban environments like Baltimore where there is a potential to assess the distribution of available and accessible GS across a city as part of a larger plan to create health supporting urban environments. In urban environments especially, differences in physical ability, access to transportation, and even available leisure time due to economic constraints and other obligations can limit an individual's ability to access GS on a day-to-day basis and should be considered.
Especially where there are stark geographic disparities in health, multidisciplinary collaboration to ensure that the physical environment in all neighborhoods includes opportunities to reduce stress and promote health is crucial to support, rather than act as a barrier, to other important programmatic efforts.
Limitations
It is important to state that the results of this study are not sufficient to support a conclusive finding that a causal relationship exists, since this was a cross sectional study utilizing a non-representative convenience sample in one city. However, experimental studies showing a reduction in stress when exposed to greener or more natural 18, 19 areas support the likelihood that GS exposure is affecting stress outcome rather than the other way around. Additionally, studies dealing with university populations, similar to this sample in terms of educational status, generally indicate people tend to seek out GS when dealing with stress 33 . These statements together make it unlikely that the results of this study can be simply explained by an inverse hypothesis, i.e. that people with more stress avoid or otherwise do not have access to GS,
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especially when controlling for the wide array of covariates in this analysis. The relationship observed in this study is consistent in terms of directionality with other studies comparing GS and other health outcomes 2, 4 . The relationship between GS and PSS scores noted in this body of research is substantial and within reason.
This study used multiple recruiting strategies to attain a sample. Differences between groups recruited via various means could have an impact on the relationship studied. However, the inverse relationship observed in the original Models 2-4 remained consistent when controlling for recruitment strategy in regression, even when removing over-estimators. While hours of exposure to GS when isolating the mailed recruit only sample was only statistically significant for physical exposure, this is likely a result of the reduction in sample size to less than half the full sample. Effect sizes remained similar to the original model, and p-values indicated significance at the 10% level. Given this, and the lack of significance for any of the recruitment variables when controlled for in regression, the reduction in statistical significance is likely the result of an insufficient sample size rather than any real difference in the mail based respondents, supporting the acceptability of combining the multiple strategies.
It is possible that people who valued GS were more likely to respond to this survey.
However, the included incentives, and the variety of sampling strategies which emphasized random selection partially reduced sampling bias. Furthermore, this sample included individuals with a wide range of GS exposures, so if it did occur to some extent, it is unlikely to have had a large effect on the results. It is equally likely, given the skew in terms of educational attainment and the lack of statistically significant differences in GS exposure between demographic groups, that those who had completed a thesis or other research were more likely to assist in a research study.
The results of this study cannot definitively conclude that this relationship applies to the
larger population of Baltimore due to a skew in terms of income, race, and educational attainment relative to the city as a whole. However, it is important to recognize that this relationship is likely applicable even to under-sampled demographic groups for several reasons.
First, while stress is known to differ based on a variety of demographic variables, variation in mean GS exposure in this sample was not statistically significant based on income, race as categorized in analysis, or educational attainment. Second, research has supported the conclusion that protective relationships observed between available GS in one's neighborhood on health outcomes 2,3 and stress 21 were stronger for those in lower income groups, which were undersampled in this study. Third, while variations in landscape preference between ethnic and socioeconomically distinct groups have been noted 34, 35 , having access to spaces including nature is highly valued even across distinct groups 34 . Future research on this relationship is warranted for underrepresented groups.
While the results of models 2-4 suggest that that spending time in GS may predict a greater reduction in perceived stress than strictly visual access, caution should be used when interpreting these results. Despite a high degree of agreement in the actual reporting of hours for each matrix based on check questions, it may be easier to account for time that one spends outdoors in GS than it is to account for time spent visually accessing it. This self-reported data collection method is not sufficient to say that one is more valuable than the other, and future studies are recommended. Importantly, both visual and physical hours are independently statistically significant and reasonably similar in predicting reductions in PSS, indicating a robust relationship.
This study found that hours of GS exposure was statistically significant in predicting PSS. However, it was not able to produce conclusive evidence about the effect of the magnitude, density, or variability of vegetation present. Experimental studies monitoring stress response related to various or configurations of GS may be useful for future research.
Importantly, the results of this study and subsequent research addressing this relationship cannot replace the need to assess stakeholder attitudes towards GS in any design or planning project. While the results of this study in the context of other research suggest that including areas with accessible GS is likely very important for coping with stress, the role of perceptions of lack of control in decision-making with regards to one's environment should never be ignored.
Conclusion
Based on the sample, the number of hours spent accessing GS both visually and physically was statistically significant in predicting perceived stress, after controlling for stressful life events, demographics, housing type, exercise, and hours of GS time due to socializing and vacant lots. In the context of other research, this supports that it is plausible that the stress reducing effects of GS exposure may be part of complex set of factors behind the relationship between GS and health outcomes observed at the community level. 
